The study of atmospheric pollen content of an area is useful in providing vital information on environmental change, vegetation type, species composition and their utilization for safety health and sustainable development. The current study examined the diversity, morphology and comparative study of airborne pollen grains from four Local Government Areas in Akoko division, Ondo State, Nigeria. This study was carried out in fourty randomly selected locations to examine the temporal and spatial relationship between the atmospheric pollen content and its vegetation. The airborne pollen grains were collected with Modified Tauber Sampler using simple random sampling technique and analyzed palynologically. Results showed 50,661 pollen grains comprising of 182 pollen types belonging to 74 angiospermic plant families were encountered. Three (3) of these pollen types were identified to family level, 57 to species level, 121 to generic level and one (1) unidentified. The predominant pollen types belong to the family Poaceae, Elaeis guineensis, Alchornea cordifolia, Aspilia africana, Casuarina equisetifolia, and Tridax procumbens. The presence of Empetrum nigrum, Linnea borealis, Linum sp., Stereospermum kunthianum and Vitellaria paradoxa pollen indicates evidence of long distance transport. Airborne pollen grains were most abundant between September and January. Rainfall and relative humidity had more negative effect on pollen concentration. The effects of temperature and light intensity varied considerably with time and location because their effects are influenced by other meteorological factors. Continuous environmental monitoring through pollen rain analysis is recommended in order to produce a pollen calendar for the studied area.
dry weather and high wind velocity. Pollen count is reduced after precipitation. The widely dispersed pollen and spores provide a broad picture of the surrounding vegetation of the areas in which they are produced. Even though sometimes, some of them are blown into these areas from distant places, experienced palynologists are most of the time able to detect these re-deposited pollen and spores by differences in preservation (e.g. colour, corrosion, wear), ecological or stratigraphical inconsistencies and other associated evidences of being re-deposited [14] .
Some factors that aid in the dispersal are the size, shape and density of the pollen and spores, the position of the parent plants (that produce them) in the vegetation and the prevailing climatic conditions [15] . The distinctive surface sculptures of pollen grains aid in the identification of their parent plants to at least family level [16] . Their other qualities such as small size, abundance and high resistance to degradation have made them an invaluable evidence of vegetation as well as environmental changes [17] . Because of the transitional location of Akoko division, Ondo State, Nigeria between the tropical rainforest in the South and the true savanna in the North; the area receives particles moving from the South to the Northern part of Nigeria and vice versa. Equally, the movements of the South-West Monsoon and North-East Trade winds across the latitudinal zones of Nigeria carrying along with them large quantities of particles which are deposited along their routes depending on the strength of the winds during the major seasons of the year. The aim of this study is to determine the taxa of airborne pollen grains circulating in the study area and to ascertain the pattern of seasonal variation in the distribution of the prevalent pollen types.
MATERIALS AND METHODS
Fourty locations were randomly selected within the four Local Government Areas of Akoko division, Ondo State, Nigeria as sampling sites. The sampling sites for the study was purposely selected to reflect (represent) as far as possible the Local Government Area of the study. In choosing the sites, consideration was also given to urbanization, accessibility, and safety of the sampling (experimental materials) instruments among others [18] .
At each site, a pollen trap (Modified Tauber Sampler) was mounted according to the methods of Tauber [19, 20] , Pardoe et al. [21] and Giesecke et al. [22] . Prior to this, a mixture of glycerol (65 ml), formalin (30 ml) and phenol (5 ml) was poured into each of the trap. The positions of the traps at various locations were recorded using a Global Position System (GPS). The solutions in the trap prevented the palynomorphs from drying up, kill insects and also prevented the decay of dead organisms. The trap was left to stand throughout the duration of the study period. Fortnightly of each month, solution collection was done. The traps were washed with water to remove any contaminants and were then recharged with the above mentioned chemical solution. This procedure was repeated bi-monthly from October 2016 to December 2017 (dry season and rainy seasons' samples) for one year. The palynomorphs were recovered through centrifugation at 2000 r.p.m (revolution per minute) for 5 minutes and supernatant decanted each time. The precipitates were washed twice with distilled water and recovered through centrifugation. The sediments were treated with glacial acetic acid to remove water before acetolysis [23, 24] . The recovered precipitates were washed with glacial acetic acid, and finally washed twice with distilled water, centrifuged each time and decanted. The recovered palynomorphs were stored in a plastic vials in glycerin and ethanol solution (2:1).
The palynomorphs were analysed palynologically and microscopically with Olympus microscope at x400 magnification for counting and Leica microscope at x1000 magnification for detailed morphological studies. Palynomorphs identification, counting and classification were done with the help of reference descriptions and photomicrographs from Agwu and Akanbi [24] , Bonnefille and Riollet [25] , Sowunmi [26] and Shubharani et al. [4] . In addition, prepared slides of pollen samples in the Palynological Research Unit; Department of Plant Science and Biotechnology, Adekunle Ajasin University, Akungba-Akoko, Nigeria were used.
RESULTS AND DISCUSSIONS
A total of 182 pollen types were identified across the study locations. These pollen types belong to 74 angiospermic plant families, 1 gymnosperms and 4 pteridophytes ( Table 1 ). Out of these 74 plant families encountered, 66 families belong to the dicotyledonous plants, 6 to monocotyledonous plants, 1 to the gymnospermous plants and 1 was unidentified (Indeterminata).
However, the cumulative monthly pollen record showed that a total of 50661 pollen grains were recorded with the highest monthly pollen counts of 9,023 recorded in November, followed by December (8, 750) , October (5,789), September (5,600) and the least recorded in August (1,926) and July (1,530) respectively ( Table 1 ).
Statistical analysis of the mean monthly pollen counts showed that there was a significant difference (P<0.05) in the monthly pollen abundance. The multiple comparison using DMRT showed that the quantity of pollen counts recorded in November was significantly different (P<0.05) from those recorded in the months of March, April, May, June, July, August, September, October, January and February, but not significantly different from the pollen counts recorded in December. There was no significant difference between the quantity of pollen recorded in December and other months (Table 4 ). Equally, statistical analysis of pollen record at the study locations showed that there was significant difference (P<0.05) between the abundance of pollen grains recorded at the study locations ( Table 5 ). Photomicrographs of some selected palynomorphs are shown in Figure 3 .
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There were noticeable monthly increase and decrease in the quantity of pollen grains and other palynomorphs counted. The pollen load of the entire study area varied quantitatively and qualitatively not only from month-to-month but also from location-tolocation (Table 3) . At the study locations, the highest pollen counts was recorded in Ayegunle (4,665) followed by Ipesi (3,710), Ifira (3, 404) , Ipe (3, 389) , and in Akungba (2,955) while the least were in Ogbagi (1, 790) and Oke-Agbe (1,763) ( Table 3 ). The analysis of variance showed that there was significant difference in the mean pollen counts recorded across the study locations. Multiple comparisons using Duncan Multiple Range Test (DMRT) showed that the highest mean pollen counts was recorded in Ayegunle (2.07±0.45 d ) and was significantly different from those recorded for all other study locations except Ipesi, Ifira and Ipe (Table 5) . Findings corroborated favourably with the report of Latorre and Belmonte [27] . The study also showed that the airborne pollen grains were unevenly distributed throughout the year with many sporadically dispersed monthly and at the study locations. Among the classified plant families, the maximum mean number of pollen counts of 86.71±5.74 was recorded for Poaceae followed by (8.29±0.66) Arecaceae, (4.97±0.99) Casuarinaceae and (2.12±0.29) Asteraceae and the least by (0.02±0.01) Proteaceae, (0.02±0.01) Hymenophyllaceae as well as (0.01±0.01) Boraginaceae and (0.01±0.01) Pteridaceae.
The abundance in monthly pollen concentration is also reflected in Figures 4 to 10 . Among the major pollen contributing plants are Elaeis guineensis, Alchornea cordifolia, Aspilia africana, Casuarina equisetifolia, Tridax procumbens, Lannea acida, and those of the family Poaceae. The monthly abundance of their pollen is shown in Figures 4 and 5 . Among the moderate pollen contributing plants are those of Triplochiton scleroxylon, Parkia biglobosa, Milicia excelsa, Senna occidentale, Prosopis africana, Gutenbergia sp., Sida acuta, Periploca sp., Albizia zygia, Solanum melongena, Hymenocardia acida, Irvingia gabonensis, Hyptis suaveolens, Combretum sp., and Nauclea latifolia (Sarcocephalus latifolius) among others.
With regards to the different species or families, Poaceae which is among the predominanat plant communities (including cultivated species) in the study area produces large quantities of pollen grains which are release into the atmosphere. The monthly pollen abundance of Poaceae showed that the frequency increased greatly from September, reached its peak in November and thereafter declined progressively to a relatively low level from February (Figure 4i ). The pollen of Elaeis guineensis declined progressively from its second peak in March to July, after which it increased again reaching its peak in December. It subsequently declined from November to February (Figure 4ii ). Alchornea cordifolia pollen also declined from its second peak in March to very low levels from July to September. From October the pollen abundance increased sharply and reached its highest peak in December and declined again from January to February (Figure 4iii ).
Equally, the pollen abundance of of Amaranthaceae/ Chenopodiaceae increased sharply to its highest peak in March and declined sharply in April. From May, the pollen abundance declined again progressively up to August, and rose again in September, maintaining a relatively stable presence up to December before declining again to the lowest level in February (Figure 6ix) whereas Periploca sp., Aspilia africana, and Tridax procumbens pollen only showed a major peak of abundance in November (Figures 6x, 5vi and 4iv). For Lannea acida the pollen abundance showed three peaks of highest occurrence in the months of April, September and December (Figure 5vii ), while those of Combretum sp. fluctuated considerably from February to June having high occurrences in February, May, June, and September to October (Figure 6xi ). Although the pollen of Triplochiton scleroxylon was not relatively abundant in the atmosphere, the output was still high in May and September despite the fact that it was a time of heavy rainfall ( Figure  9xxiii) . Hyptis suaveolens, a farmland and roadside weed had its peak of pollen abundance in August, while Nauclea latifolia (Sarcocephalus latifolius) pollen increased considerably in March reaching its peak in May and declined between June and July (Figure 9xxi ). The pollen of Irvingia gabonensis (an economic tree) had its major peak of abundance in May, and declined to a very low level from June to December and increased slightly in January (Figure 7xiii ). That of Parkia biglobosa increased to its first peak of abundance in December and thereafter declined progressively up to March before rising to its second peak in May (Figure 8xvi ), while the pollen grains of Casuarina equisetifolia had only one peak in October (Figure 5v ). In the same way, there were notable variations in the period of maximum abundance of Milicia excelsa and Hymenocardia acida pollen grains (Figures 8xviii and 8xix) .
Similarly, there were also noticeable variations in the quantity and quality of pollen grains recorded across the study locations. Possibly, differences in the density and distribution of the pollen-producing plants over the study areas may be one of the primary factors that contributed to the observed variations in pollen abundance. The pattern of pollen grains distribution across the locations is exemplified by the diagrams of pollen concentration of common plant sources shown in Figures 11 through 14 . Also, the quantitative variations in monthly occurrence of pollen grains at each location are shown in Figures 4 to 10 . While the monthly quantitative abundance of pollen grains at each location is highlighted in Figures 11 to 14 , whereas the monthly pollen variation in the study locations is highlighted in Figures 15 to 19 . Similar findings on the airborne pollen flora of Jabulur-the Central India were previously reported [28] [29] . 
CONCLUSION
The result of this study gives information on diurnal, seasonal and annual variations in the pollen types and their concentration in the air. A characteristic feature of pollen allergy is its seasonal occurrence associated with the prevalence of pollen of that particular species in the atmosphere. Information generated from this study on the pollen content in the air of the studied environment is necessary in order to forecast pollen incidence. Studies of this nature are useful in finding areas and periods that are comparatively safe for allergic patients. Adequate environmental monitoring through continuous pollen rain analysis and avoidance of exposure to allergic pollen types during their season of prevalence are recommended for safety health and environmental sustainability.
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